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LLRF Group’s Systems for Fermilab’s

Accelerators

LINAC

— Low Energy: 5 stations
e 2009 upgrade with MFCs

— High Energy: 5 stations
Main injector

— LLRF and Mid Level RF,
Comb Filters in 18 PA stations,

Tevatron
Recycler
e- cool BPM

Accumulator BPM
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LLRF for Fermilab’s test facilities

New Muon Lab, ILCTA

— CM1 (8x SRF cavity cryomodule), 2010
— expandable to 24 cavities (3 cryomodules)

- —HINSTSRF £
s Y By

Capture Cavity 2
— 1.3 GHz SRF cavity, 2x LLRF systems, 2007-09

High Intensity Neutrino Source

— LLRF for 325 MHZ RFQ with beam, 2009

— LLRF for 325 MHz SRF single spoke resonator,
2010, CW high-Q and pulsed lower-Q

— Six room temperature cavity linac with ferrite
vector modulators, 2011

Horizontal Test Stand
— 1.3 GHz and 3.9 GHz SRF cavities, 2007-2011

AO photo injector lab

— 1.3 GHz SRF cavity with gun
— 3.9 GHz cavity
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Outline

* General RF Control Requf”
— CW Linac |

— Pulsed Linac
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Pulsed LLRF for Two Cryomodules

RF Phase Reference Line

Cryomodule

| 16x Cavity Probe (plus evt. 32x HOM coupler)

8x Coupler

PMT (vac)
2x e-field
Temp (RTD)

Arc (air)

Beamline Enclosure

Power & High Level Signal Penetration

LLRF & Instrumenation Rack 7x

LLRF crate 1:
-CPU, PS

-2x LLRF

- BPM

- Timing Distribution

- (HOM coupler)

FWD/REV>

Klystron Gallery

BPM (6x)

RF|& Low Level Sigflal Penetration

ickup (2x

ce (2x
-CavProbe (16x)
-CavFWD (16x]

avREV (16x)-
R HOM (1..32x) -

avity Drive (x16

REV

WG pressure
FWD

X 16

LLRF crate 2: 48x c
-CPU, PS 2x signal
- Klystron Protection
& Interlock Systems 16x fib
Temp
PMT > )
Vector WS pAress Driver REV/|
Modulator }— LLRF crate 3: e
Amplifiers -CPU, PS
- Motor Controller Ho
: Elezg (i;‘m;()":; d Cryogenic Vacuum Controls Klystron Control, Modulator Control
64x Motor- errite vVector Mod. Controls (Rack) (Rack) Interlock & Water & Interlock (Rack)
A A
32x Piezo ’ i Local Oscillator
Timing & Synchronization
v Inter-System Feedback Network/Bus
v A4 MPS Network/Bus
A\ 4 v \ 4 \4

\ 4 RT Control Network




Power Requirements by Cavity Type

p=0.11 | P=0.22 =0.4 p=0.61 p=0.9 _

——) (———————————) {————————)

325 MHz 650 MHz 1.3 GHz
2.5-160 MeV 0.16-3 GeV 3-8 GeV
2 2
V2 I COSCO(V / Q)Qext 26f
P= 1+ +0,., ——
40, (r/Q) V A
Section Freq, Energy, Cav/CM | Max gain per | RF PA power with
MHz MeV cavity (MeV) | overhead (kW)
PA power
RFQ 162.5 2.5 1 2.5 100 to 150 . .
is topic for
SSRO (B, =0.11) |325 2.5-10 18/1 0.844 1.2to0 1.5 discussion
SSR1(B; =0.20) 325 10-42 20/2 2.04 29t03.3
SSR2(B =0.40) 325 42-159 40/4 3.32 4.5t05.5
LB 650(B;=0.61) | 650 159-457 36/6 11.6 15.5 to 25
HB 650(8;=0.90) | 650 457-3000 160/20 17.7 23 to 27
Pulsed 1.3(Bz=1) | 1300 3000-8000 |224/28 |25 40/640 to 50/800
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RF Field Error Budget

Physics Requirements are 1%, 1 deg RMS uncorrelated error
 Errorterms (RMS) < 1s*

— Residual controller error (0.05 %, 0.05 deg)
* Measured at NML (0.015 %, 0.017 deg)

— Receiver noise (0.02 %, 0.02 deg)
*  Measured at NML (0.009%, 0.005 deg)

— Reference system noise between RF frequency sections (0.01 %, 0.01 deg)
* Calculated (0.001 deg)

— Master Oscillator phase noise 100 Hz to 100kHz @1.3GHz (.005 deg)
* Measured (.0023 deg)

— Power Amplifier spurs in CW linac (-55 dBc?)

— Line generated modulation is coherent across accelerator,

— Beam loading modulation 100% (peak 0.3%, 0.3 deg)

e Errorterms > 1s Beam Arrival Time monitors reduce LLRF long term requirements

— Beam based calibration error (1%,1 deg peak?)
Amplitude dependence on R/Q
— Cable and Receiver drifts (0.3 deg)
* Measured at NML (0.125 deg P over 1 week)
— Phase Reference system drifts (0.1 deg)
* Measured in lab (< 0.1 deg)

*Measurements made with 500kHz BW, 1.3GHz, Q=3E6, proportional gain = 128, integral gain = 2E6
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RF Power/Microphonics Design Approach

 Resonance Control working group tasked with developing
a plan forward

— Push all microphonic disturbances down
e dP - Cryogenics
e dF/dP — Cavity design

— Allow for realistic levels of LFD compensation but attempt to not
be dependent on it

— Where costs of RF power are low, lower the Q as much as is
reasonable (325 MHz)

— The high beta 650 MHz cavities make up the bulk of the CW
linac (18x - this should be our main focus for now)

* Efficiency is a bigger issue

Project X Collaboration Meeting @ SNS April 2011  B. Chase 11



Pr

Please see Microphonic talk by Yuriy Pischainikov in Cavity WG
SSR1 with Narrow Bandwidth Coupler

Initial cold tests of SSR1
using CW provided an
opportunity to gain
experience with a very narrow
bandwidth cavity

— Tes’r Conditions
4.5K
Cavity bandwidth of about 1.5 Hz

- -9.6 T T T T T T T T
df/dP ~= 140 Hz/torr Frequency (H:VSFQOF)
SEE—;’"-5 Tlsrr ) 97k 44 Lockedo,__ =13 Hz Pressure (Z:HSPTS3)
" Cavfi:sc ing resonant requency Peak-o-Peak = 8.4 H ]. J
o
. n -98c.4 .
— Detuning control system g T | "”
[
100 kHz digitizer measured RF > _ggl ”' ‘ 1 i
frequency offset from an 8 42 \ ‘
arbitrary set point o 1ol L] IIHH\HH’L I ﬂ |
FPGA fed Af back fo fast funer ® r- o L] r ‘” 1FUUU Al I L
Reduced pressure related -1} ] |
. . . . 5 - 498
Var'laTlonS n CGVITY g -10.2- Locked Unlocked Locked .
frequency from several = |,
huhdreds-Hzto -103¢ 1
10.4 [ 434 I I I I I I I I
Dj okbBBratn [Mee N ' B. Chasel? 17.06 171 1715 172 1725 173 1735 17.4'217.45

Time (h)



Slow fill
Long pulse
Phase track off

4 ms fill
13 ms flattop

Phase tracking on
Q, = 1le7

Cavity phase rolls away

from drive vector during
fill.

Project X Collaboration Meeting @ SNS April 2011

) ONECAV (A=
— Set Point — Beam Feedback Control - — Lorentz Force Detuning
ampltude: | 25 | Mvim —
phase: 0 deg T o~ l ‘ ’ l ‘ mode1 mode2  mode3
freq:
dely: | 0 | uses phase: | -50 | deg 2] e | a0 || so0 || 4 he
filtime: | 4000 | usec length: | 13000 | usec | —Kiystron af os || 1 | 1m0 |
5 power: | 255 | | Hzi(Mv
flat time: 13000 | usec Loy ‘I] usee Km.[ 04 H 0.1 H 0 m)*2
) o Pmax: 1] Ky
ol © | 11000
eeey _] ueee aL: 10 x1e6 phase: @deg
aL: 3 x1e6 o || -
detuning: &J Hz ratio: | 2.05 Phase track ONECAV *
uphonics: Il Hz shift: Il deg | OFF | version 1.6 #
[ auto Cavity Field auto Cavity Power
30 80 s
Cav P
— fuvd
— -l BO} P
e ref
g 20 b i a0k Pbeam U
» 15 ] - , — dUAT
k] g ot/ i
= ! b3 \ f
= 10f -\/\/— g 2 [
LI 0 == .
5 1 auto W
D 1 1 1 1 20 1 1 1 1 1
0 05 1 15 2 25 3 0 05 1 15 2 25 3
time [w sec] x 10t time [w sec] «10*
auto
200 300 T - .
Cav \/\/—/
— 8P 250 R
100 +
o /\/¥ / / 200} ]
2 =
s 0 1 2 180; ]
g c
£ F 100} 1
-100 E
auto 50 71 auto
N . AL . e
1] 05 1 15 2 25 3| 0 05 1 15 2 25 3
. A .
tmalleel <10 i (e i
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Slow fill
Long pulse
Phase track on

1mA

4 ms fill

13 ms flattop
Phase tracking on
Q, = 1le7

32kW

Phase trajectory
programming with a slow
fill allows cavity to detune
without ringing

) ONECAV E]‘i g]
— Set Point — Beam Feedback Control — Lorentz Force Detuning
amplitude: 25 MY
phase: 0 deg TR e r 1 - < l l ’ l model mode2  mode3
frec:
delay: E usec phase: -50 deg [:] - ‘ 300 H 500 H 420 ‘Hz
filtime: | 4000 | usec length: | 26000 | usec | —Kiystron af os || 1 [ 100 |
- [ power: | 255 |y . Hzi(hv!
fist time: p— delay: 1] usec ] Km: [ 04 H 01 ” 0 my2
ecay: usec
& ' aL: x1e6 phase: 0 deg
QL: 3 x1e6 . -
[_ detuning: Hz ratio: | 1.25 Phase track ONECAV *
uphonics: m Hz shift: |0— deg version 1.6 “
[Jauto Cavity Field auto Cavity Power
30 100
g;“ | Piwa
i sa} — P
g g \j Poesm
o [t — dUAT
@ ©
E g
= (=}
= = &
1 auto
L L “ -100 L L L L
1 2 3 4 0 1 2 3 4 5
time [W sec] « 10* time [w sec] w10t
auto
200 300 T x
Cav
SP
100 f _ 200
& =
. 0 2 1o0f
3 / 5
=5 V)
100t ® ot
auto auto
_2DD 1 1 1 1 -1DD " N N N
0 1 2 3 4 0 1 2 3 4 5
. A .
i 155 o e (5] ot
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Master Oscillator and Phase Reference Line

<« Recycler RF

* Master Oscillator Output Frequencies

am chop pattern
Reference LO
1300.00 MHz 1313.00 MHz
650.00 MHz 663 MHz
325.00 MHz 338 MHz
162.50 MHz 175.5 MHz
— Phase drift between outputs <250 fs
— Integrated phase noise 100Hz to 100kHz @ 1.3 GHz < 60fs

— All outputs 10dBm
— Allow for main 1300 MHz drive amp to be inside PLL circuit
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8 Ch Receiver/Tx Specifications

RF Frequencies

162.5,325,650,1300 MHz

IF Frequency

13.0 MHz

Channel isolation >80dBc

Input Receiver power 10dBm F.S.
Receiver IF output 6dBm F.S.

Receiver notch 26 MHz

Integrated Phase Noise ~2 fs

Transmitter inputs 13 MHz I-Q, 0 dBm
RF inhibit gate isolation 40dB

Transmitter output

RF frequencies at +13dBm

Project X Collaboration Meeting @ SNS April 2011
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For Beam Simulations
see Gustavo Cancelo’s talk later today

 Many simulation efforts in progress
— Single cavity RF
— Multicavity RF
— Main Linac, starting with 3 to 8 GeV section

Synchronous bunch E-t phase space

T T T T T T T T T — Generstor HLAF orentz i
mpensalion made mom km
50 - bos 4s0 ma o00% o e o o | e (18] e | e[ |
Rl Y KT — “ » w05k — M s filtime: | 500 | usec SP| 0 |deg ‘ =]
delay] 30 |usec delay| 30 |usec| retioampi= 050 Waveguide lossss (-0) flttop: | 800 | usec Ko 100 | s [ ][] [z
lengtn| 400 |usec lengtn| 400 |usec|| ¢ - 5 accs [ o | @ sample time: | 500 | ussc W o 0]
7 phase| 0 deg phase| 00 %3 | ratophase= 0 deg accr @ decay start: [ 1480 | usec || deley| o m’2
o) ‘ » Prax [ 0 | Wia decay stop: [ 1580 | usec. (o)
i @] Plauoy Vs=B.28MVim  PKT =753 kW accer v Hloaa =
© B e[| crvomeie: [aces
14 = Vim MVim] QL [x1e8] Pk [dB] Det [Hz]  Offset [deg] Plot Power
o (s | [ao |[s09] [0 ] [0 ][a0] [0 ] O ssiw
12
20| [310 s:2 | [13 |[ 13 O s
= 10
= r
3 340 | [ 297 |[ 207 847 122 || 122 000 | [0 serw
> =6
O H [@[=20] [an ass | [ 2 |[ = O s
= N - -
h 210 | [an |[am | [1zss] [+ |[ 1 | [oe0]| O 21w
4 o~
f/ . 331 ARERIED O 2w
) =
| Bz ] [ [am] (o] [ [ | [ow] O s
B Bifo
5 Bido
0 500 1000 [ lwauu 2000 2500 [340 | [1005 ] [es |[ 85 | O srew
time [us
- C ) ACCH: 7T7aMVIm | cavi e cava cavt s cave cav? e it sampletimes:
[pmpltude 4 Eacc (/] 10 916 908 set 583 53 748 72 sw_paa
[orren_zzar-accer-4 sni margin (/] 2089 1888 23 1938 133 1361 1884 1557 start[700 | 700 Jus
SIM Eik [%] 553 617 294 438 2442 2787 503 -4.31| stop: (1100 1100 us
. [ o ]| ot DAQ (%] 517 ss7 283 412 s 25w s a0
ACCT : 8.87 MVim. cavl cav2 cavd cavd cavs cavé cav? cavd SIMCAV
save O7Feh_2237-ACCE7-4 5/ Escc[Mvim] | 882 897 884 912 1021 EE 787 742
margin (Y] 1838 1808 207 1680 1959 2485 1850 1596 e
SOtk (] 4 s sw  se  too 1% 2 W
m DAQ HE %] a7 425 a5 434 ass 810 23 707 versionds

degrees
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100% Beam Current Modulation
Knowledge of structure allows Feedforward Correction

* Linac beam current has a periodic time structure (at 10 Hz) with two major

components. ==
I oy
4.3 ms flattop N — -
ON [ \ w“\:\ 4
Pulsed / \ Pdned switeh i 30 WES ; — :xmn
dipole ..jﬁ‘
OFF ./ \ oo |
1
Beam C‘hqpping Chopping
current, mA for injection for 3-GeV program
0
0 2 < 8 10— 100

Project X Collaboration Meeting @ SNS April 2011
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* Present LLRF Design

— Results
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N M L CM 1 I—I—R F Ra_CkS | Receivers and Up-converters

===

VXI CPU &
3 R3MFC Controllers

Master Cseliiator
1220 MHz.
Locsl Oscillator 1313 Mz

Master Oscillator

1300w 4 €

& g CHANNEL
" RECEIVER

Power Supplies y -
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Master Oscillator

PSIE — — RF
RO 1300 MHZzy, | = N 1300 MHz
+vco CLK
AD951 { A |._> 325 MHz
LF - H» 81.25MHz
| PLL LO
= Ay
CP i 1313 MHz
) »|REF ind . LO | Generation
10 MHz| [Board #1 -]
T CLK
. |AD9510 - > —> 13 0:)FMHZ
ﬂ("- . + 9 9.028 MHz
DC tune

1.3 GHz Master Oscillator

-80

Master Oscillator
325 MHz.

Local Oscillator 338 MHz.

-90

-100

-110

-120

-130

-140

Phase Noise [dBc/Hz]

-150

* RFLO,IF

-160

-170

-180

100 1000 10000 100000
Frequency [Hz]
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33 Channel Controller (MFC)

—1
1 v
8 8 g[ ac | s Altera Cyclone Il FPGA D[0-31] X
a - 12bit —t > EP2C70F672C8 Altera Max Il FPGA P |
4 dBm R E5MHz | LVDs « P— VXI Interface A[0-31]
LP 100 MHz DS onfiguration B
T ree o | code I | 312amHz | | 4
8 8 o [ ] s —_— XTAL Osc. c
12 bit £ A - —
4dBm 3E|_’_ Ei; Veswez [vos| | 3 = b
b, Block Diagram P
LP 100 MHz bs_|™ Schematic DataSheet L
1 Alveect | # g|  133Mhz Parallel Bus : A
8 8 g| ADC | 8 - < ADDRESS N
4 dBm + }E % bp 12bit g > g P 32 . E
65MHz | LvDS Schematic 1 — = DATA:
LP100MHz [—pg | = Zl€ CONTROL:
T LVPECL i = T 1
1 Schematic 3 FLASH
6 8 g| ADC | 8 DataSheet 16 MB SHARC AD21369
4dBm 3t R 20t > schematic2 400 MHz
65MHz |LVDS ; A A IRQ
2 LP 100 MHz D51« sl Serial Interface A _
I A LVPECL o7 1]2]3]4 L |
BEHAg—{ ABc ] 14 [ 11 A 2 SDRAM Schematic % < L
LP 100 MHz 1‘“’" a SDRAM 16mMB | c
1oz 64 MB 2 5 Seral Ports | DataSheet ©
L ) VDS >—r DAI DPI/SPI Serial Data A
Start Trigger TTL/ICMOS Serial Data (LVCMOS) 200 Mb/s A~ A A A 200 Mb/s L
AUX Trigger TTL/ICMOS | . 4—(LYCMOS) 5| &
o ] 2 1.2 Gbls Serial Data (LVDS) [ . g
- 7 M
260 MHz ] s A |
b s 2 Serial Calibration Bus SDRAM 2.5 Vd —|
DC 2
) D ] ’ Cyclone 1.2Vd —
Coupling 260MHz | *< Y
Optional — 12b ADC 1.8 Vd —|
AUX CLK T 42 SHARC 1.3Vd —
Harlink 1Vep cMOS FPGAs 3.3Vd —
LVDS FPGA SP1 (600 Mb/s) VXI Buffer 3.3 Vf — 2oV
X Misc. 5.0 Vd — Power —~_—
Har-link Serial Data (LVCMOS) Distributi
LVDS FPGA SP2 (600 Mb/s) | istribution
Har-link - Serial Data Signals CLK DIST. 3.3 Va —
LVCMOS DSP SP (100 Mb/s) > Data Signals 14b ADC 5.0 Va —|
SMA AD9510 ‘5 Address Signals Harting ) 12b ADCs 1.8 Va —
0-10 dBm »| Clock L] LVDS ——— Control Signals Mini-coax m Harting
LO Input Dist. Clock Signal Connector Har-link
DS b ock Signals Schematic
ower -
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R3-MFC Circuit Board

8 Ch ADCs
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|

3 4
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DEFINING B = =
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T
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Legend
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[50] Signal Name » 3) ADC/DAC Color stands for corresponding harting connector wire color.

Register Hex Address
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i H):

e e hannel Num): e FERMI NATIONAL ACCELERATOR LABORATORY
FUNCTION NAME * UNITED STATES DEPARTMENT OF ENERGY
g - Fast debug multiplexcor channel 31 (Fsampl = Nco CIk) Size Number Revision
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Firmware — DAQ
Flexible and Programmable

Kate U
To DAQ Mux T ¥ 8 channels
| Probes NML 131321 60 104 208
HINS 338/6 52 08 216
YectorSum [ I l I I [ : 3 Y
f DownCaonvert cle UpConvert fs
Il NCO . ' Digital NCO I
Cmoc] "‘% DM Controller 'Q? W TTLDAC
¥ 33 channels
. N ToDAQ ¥ 4 channels ‘
: I | I I I I M ¢ NCO, SetPoirt,
: FeedForward Tables,
: % 8 channels Control Parameters VX1 Backplan
% B6 channels 18 16 Q Probes
FPGA Ram
L
o = | e — — — —— — {3
g cK
I 1 MHz 81 I
l 216k I "
AoqUEt | HOSE INtEIface |«
l D2 CIC I
| l{"'”’rw 1 Data Acquisition ‘ |
| Mz e Cortraller
Acquisiion | I
l DAR CIC I
sm[ﬂlaw 1 22
| 6 \)&lM G | : Dual Clock | ol
A D L= : FIFO | Ports
l ¥ 102 . 512 words 32M hEI’US 16
I channels = I 4
o Q . |
! % J ol
Ch SebctTaok
I ? |
I 12114 Full Speed {fg <] | I
Acquisttion * i AN
¥ 37 channels ¢ OperiDiag SR
| : 16 — 3f |
I From DAC / M i I
Channels {x4) 14 ‘
| Dpata Acquisition Block ADCIDAC |
Channel Select Oper/Diag |
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LLRF Data Flow Diagram

ACNET Datalogger

(Scalars, waveforms) Pulsed linac data rate

224 cav, 3 signals/cav, 8ms,
1MSPS, 10Hz = 100 MB/s

ACNET Database

LabVIEW

MVMESS500 SLOTO 4 N\

R0t
B A— Parameter
o .
L .
T ..J_T,(FF TableISP Table)z.. —
o0 | & KZZZZzZ REFL. PWR MFC P,
Lo n e / N E
ACNET Console e ) 1amersec | £ Krzz=z{ FWD PWR MFC .
| |« I O 13 MHz
o) ol 10 /777777% A B
L f — [ P — 8
M| M = sqrt(I*+Q%) 2 F
o] ¢=tan" (@) TRIG2 | - p >
................ - J ' 1T 1. Qoutput at 13 MHz
N NN
| TRIG2 LLRF Start Trigger
N / 1-10 Hz
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LabView Operator Interface

GIMLI
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Individual Cavity and FFT Display

N N N N EEN
e e ey e Eass A
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ISR En [ AU
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ACAEAEAA AN AEACA
AN AP !
ALV ALY A
VoY \VERSIVASSV]

Frequency |

= | Cursor

o MU 478593.12996 | -41.647 AIEAce
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Amplitude waveform Under Regulation

1‘4 1 1 I I 1 1 1 1 I

0.8 .

06 4

normalized gradient

0.4F .

D | 1 1 1 1 1 | 1 1
0 200 400 BO0O 300 1000 1200 1400 1600 1800 2000
time [W sec]
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Zooming on the flat top regulation x10

104 I I I I I I | |
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Zooming on the flat top regulation x100
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Controller performance
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Receiver noise

Phase
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Perturbahcn analysis
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NML Installed System Long Term (1 week) Phase Stability Test
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0.2 degPP

Receiver Chain Phase Variation vs Building Temperature
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High Stability Reference Line

< 0.001° (_ L =0.23mm) phase change between
taps over L = 100m with 5°K temp. change
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Lab Measurements of Phase Averaging Reference Line Beams docDB # 3806-v1

Network Analyzer

0.141 tin coated cable (replaces 7/8" heliax cable that will be used in actual reference line)

ortl port2 port3
P R P ( 1 meter of 0.141 ~= 25 meters of 7/8" )
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Phase difference between Laser port and Instrumentatio
temperature change (85 - 105 deg F)

* Measured in the lab using a network
analyzer in a temperature controlled
oven.

* Long sections of 7/8 " RFS cable
replaced with short sections of tin
coated .141 cable that has similar
temperature characteristics.

* Measurement may have small
T T uncertainty due to calibration drift of
N the network analyzer.

it L s
il

vy wfn,.imﬂn\'m\-,«‘.' VA

40 00m * Oven temperature ramped from
. 85 to 105 degrees F in first twenty
minutes of measurement.

* Total measurement time is 1 Hour




Future VXI 24 Channel Controller
8 Cavity CW and 16 Cavity Pulsed
Upgrades to ADCs, FPGA, VXI V4.0
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Working Group 3
Project X RF Systems



09:00

10:00

Morning

RF Requirements for Project X CHASE, B.

Room C-152, Oak Ridge National Laboratory

RF Power Sources for Project X PASQUINELLI, R.

Room C-152, Oak Ridge National Laboratory

High Efficiency Power Amplifiers for RAAB, F.

Particle Accelerators
Room C-152, Oak Ridge National Laboratory
Discussion

Room C-152, Oak Ridge National Laboratory
Coffee Break

SNS, Oak Ridge National Laboratory

Afternoon

Linac RF System Design Options KANG, Y.

Simulation Efforts for the 1300MHz
Pulsed Linac

CANCELO, G.
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* General points to be considered by all working groups:
— What are the open issues / areas the need attention for the Project-X CD-1
design?
— Are the requirements clearly defined?
— What is a path to address any issues identified?

*  WG-3 Specific Topics
— LLRF, what are the requirements?
— CW sources: klystrons, 10Ts, solid state (325, 650)

— What is the impact of supporting long pulse (1.3 GHz) — up to 50 ms, 10% duty
cycle? Control and HLRF.

* Additional Topics and Focus
— Present design REQUIRES active piezo compensation. Is this the best
direction?

— 650 section RF power requirements are a factor of 18 times 325 MHz section
* Most of our discussion needs to be with 650 MHz RF
* Is solid state cost effective? Maybe at a lower beam current?

— Are adjustable 650 MHz power couplers needed
e 3 stub tuners?

— Is the multi-cavity per klystron the correct approach for the pulsed linac?
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